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(54) Title: DIRECT PROCESS FOR THE MANUFACTURE 
RATE-CONTAINING ELECTROLYTE COMPOSITIONS 



OF TETRAALKYLAMMONIUM TETRAFLUOROBO- 



(57) Abstract: Process for the manufacture of tetraaJkylammonium tetrafluoroborate-containing electrolyte compositions charac- 
terized in that said process comprises step (i): (i) mixing of at least one tetraalkylammonium halide with at least one metal tetraflu- 
oroborate in at least one organic solvent, which is partially or completely miscible with water. 



wo 2004/039761 PCT/EP2003/012184 

10/53346? 

JC2(rRec'«»PCT/PT0 2 3 apr 2005 

Direct Process for the Manufacture of Tetraalkylammonium Tetrafluoroborate- 

containing Electrolyte Compositions 



The invention relates to a direct process for the manufacture of tetraalkylammonium 
tetrafluoroborate-containing electrolyte compositions by reacting tetraalkylammonium 
halides with metal tetrafluoroborates in an organic solvent, which is miscible with water. 
' Futthenaore,* the inveutioii relates" to electrolyte^'compositiDtisr which can be T)roduced 
according to the new process as well as the use of said compositions in electrochemical 
cells and energy storage devices. 

Non-aqueous electrolyte compositions are used in numerous applications as, for instance, 
electrochemical cells or capacitors with high capacity (ultra- or supercapacitor) which can 
be used as energy storage device. It is ahready known to apply for said application 
electrol34e compositions, which contain tetraalkylammonium tetrafluoroborates (US 
5,086,374; Kobayashi et al. in Synthetic Metals, 18, (1987) 619-624). 

For the manufacture of said tetraalkylammonium tetrafluoroborate-containing electrolyte 
compositions said pure quaternary ammonium salts are dissolved in a solvent with high 
solvent power and high chemical and thermal stabiUty, for instance 1,2-propylene 
carbonate (US 5,705,696). 

Said patent discloses two processes for the manufacture of tetraalkylammonium 
tetrafluoroborates. In one of said processes tetraalkylammonium halides are reacted with 
metal tetrafluoroborates in an aqueous medium, wherein in a second reaction step metal 
halide, which is formed as a by-product, is separated off by means of membrane dialysis. If 
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Therefore, the subject-matter of the invention is a process for the manufacture of 
tetraalkylammoniirai tetrafluoroborate-containing electrolyte compositions, characterized 
in that said process comprises step (i): 

5 (i) mixing at least one tetraalkylammonium halide with at least one metal 

tetrafluoroborate in at least one organic solvent which is partially or 
completely miscible with water. 

In contrast to the two-step processes of the prior art the new process provides said 
10 tetraalkylanmionixmi tetrafluoroborate-containing electrolyte composition in one step from 
tetraalkylammonium halide as the starting material. Therefore, said process can be 
described as a direct process. It can be carried out in a simple manner what is extraordinary 
advantageous for the technical application. 

15 The quaternary ammonium halides which are used as educts for the new process are known 
or can be manufactured according to known processes. For instance, said ammonium 
halides can be produced by reacting trialkylamines with alkyl halides. It is possible to use 
the fluorides, chlorides, bromides as well as iodides. It is preferred to use the chlorides or 
bromides. 

20 

Further, it is preferred that in said tetraalkylammonium halides the alkyl radicals contain 
independently from each other of from one to ten carbon atoms. 

Examples for preferred tetraalkylammoniiun halides are tetraethylammonium chloride or 
25 -bromide, methyltriethylammonium chloride or bromide, methyltrioctylammonium 
chloride or -bromide. 

It is preferred to use as solvents which are partially or completely miscible with water 
fliose ones which can pick up at least 5 % by weight of water without separation of the 
30 phases, wherein the total amount of organic solvent and water is 100 % by weight. Further, 
the solvents which are used for the tetraalkylammonium tetrafluoroborate of the invention 
should have a high solvent power as well as a high chemical and thermal stability. 
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Suitable solvents are preferably selected from the group comprising nitriles, for example 
acetonitrile, dinitriles, for example malonic dinitrile, alkylcarbonates, for example diethyl 
carbonate, alkylene carbonate, for example ethylene carbonate or 1,2-propylene carbonate, 
as well as lactones, for example T-butyrolactone.- 

5 

Particularly prefared solvents are acetonitrile, 1,2-propylene carbonate as well as 
Y-butyrolactone, 

Furthermore, it is possible to use derivatives of alkylene glycols, dialkylene glycols, 
10 trialkylene glycols, polyalkylene glycols, sulfoxides, substituted amides, substituted 
amines, cyclic ethers, lactames, anhydrides, esters, urethanes, mreas, lactate esters, esters, 
wherein the alcoholic component contains one or more nitrile groups, diketones, as well as 
siloxanes, provided said derivatives are partially or completely miscible with water. 

15 It is preferred to use as metal tetrafluoroborates the tetrafluoroborates of the alkali metals, 
for instance sodium or potassium tetrafluoroborate, as well as the tetrafluoroborates of the 
earth alkali metals, for instance calcium or magnesium tetrafluoroborate. 

In particular it is preferred to use sodium and potassium tetrafluoroborate. 

The new process can be carried out in an extraordinary simple manner. Typically, at least 
one tetraalkylammonixmi halide and at least one metal tetrafluoroborate are introduced as 
solids into said at least one organic solvent. However, it is also possible to mix the educts 
in suspended form, wherein small amounts can already exist in dissolved form. It is 
possible to stir the mixture in order to achieve a thorough mixing. 

It is preferred to mix the at least one tetraalkylammonium halide and the at least one metal 
tetrafluoroborate in a molar ratio of from 2 : 1 to 1 : 5. 

30 During the mixing process an ion exchange reaction takes place, wherein the 
tetraalkylanunonium tetrafluoroborate as well as the metal halide are formed. If different 
tetraalkylammonium halides and/or different metal tetrafluoroborates are used at the same 
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time, different tetraalkylammonium tetrafluoroborates and/or metal halides are fomied. 
Said tetraalkylammonium tetrafluoroborate is dissolving into said organic solvent, wherein 
the metal halide precipitates. The reaction is already starting at relatively low temperatures. 
It is possible to work at higher temperatures in order to enhance the reaction, for instance 
5 at the boiling point of said organic solvent. 

It is preferred to use a reaction temperature of from - 50 "^C to + 240 °C. 

* 

During the ion exchange reaction the electric conductivity is increased due to the good 
10 solubility of said tetraalkylammonium tetrafluoroborate in said organic solvent, wherein 
the formation of said salts can be proved. 

The concentration of the produced tetraalkylammonium tetrafluoroborate in the solvent can 
b& adjusted-ta the-respective-requirements.-In-generaly-fe m a- - 

15 way not to cross the limit of saturation. Then said tetrafluoroborate femains completely 
dissolved. 

It is preferred to select such concentrations of the educts that the at least one 
tetraalkylammonium tetrafluoroborate which is formed after the mixing process is existing 
20 in the solvent in a concentration of preferably from 0.1 to 5.0 moles/1. In particulieir a 
concentration of from 0.5 to 2.0 molesA is preferred. 

It is preferred to separate off parts of the formed metal halide or the formed metal halides 
which are insoluble in said solvent. Said separation can be achieved by the known 
25 methods, for instance filtration or centrifugation. 

If necessary, the formed mixture can be dried according to the known methods. For 
instance, it is possible to use for the drying process freezing drying, azeotropic distillation, 
molecular sieves, sodium sulfate, magnesium sulfate, alkali metals and earth alkali metals 
30 as well as the hydrides thereof or organic acrylates. The drying process can be carried out 
before or after the separation or before and after the separation of the insoluble parts of the 
metal halide. 
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Therefore, the process of the invention is characterized in that said process comprises at 
least one of the steps (ii) and (iii): 

(ii) separation of metal halide, 

(iii) drying- 
Due to the high solvent power of the iised organic solvent as well as the mediating 
properties concerning the solubility of the tetraalkylammonium salts the at least one 
tetraalkylammonium tetrafluoroborate-containing electrolyte composition, however, 
contains always parts of dissolved metal halide respectively metal halides. It is preferred 
that said parts are present in a concentration of from 10 ppm to 2.0 % by weight, in 
particular of from 15 ppm to 1.0 % by weight, wherein said concentration range refers to 
a&electrolyte -residue being-free from solvents- 
It was not predictable and is flierefore extraordinarily surprising that said parts do not 
impair the application of the electrolyte composition. Therefore, it is an extraordinary 
advantage of the new process of the invention that said parts of the mixture need not to. be 
removed by further purification steps, but can remain dissolved in the mixture. 

Therefore, the electrolyte compositions which are produced according to the new direct 
process are delimited from those ones, which are described as prior art by dissolving the 
pure tetraalkylammonium tetrafluoroborate into solvents. Said tetraalkylammonium 
tetrafluoroborates have to be essentially free from haUdes. Typically, the amoimt of halide 
of said produced electrolyte compositions must be below 10 ppm related to the dry residue, 
because otherwise one has to take into account corrosion of the electrochemical cells or 
energy storage devices. 

Therefore, another object of the invention are tetraalkylanimoniimi tetrafluoroborate- 
containing electrolyte compositions characterized in that they are obtainable by a process 
comprising the step (i): 
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(i) mixing at least one tetraalkylammonium halide with at least one metal 
tetrafluoroborate in at least one organic solvent, which is partially or 
completely miscible with water, 

5 or by processes as defined in any of claims 2 to 8. 

Another subject-matter of the invention is also the use of the tetraalkylammonium 
tetrafluoroborate-containing electrolyte compositions per se or the tetraalkylancmionium 
tetrafluoroborate-containing electrolyte compositions produced according to the process of 

10 the invention in electrochemical cells or capacitors. It is preferred to use said compositions 
in capacitors with high capacity (ultra- or supercapacitors) which are used as energy 
storage devices. In a typical construction of such a capacitor two metallic energy collectors 
are separated by porous electrodes, typically of carbon, which in turn are separated by a 
porous,-non-conducting-^separ-ator layer. -The pores-in-the-electrodes-and-separator ar& filled - 

15 with an electrolyte. Then a currCTit is ^plied to the electrodes at a voltage below that at 
which an electrolytic reaction will take place. As a result, charged ions, typically from 
dissociation of salts in the electrolyte, accumulate on the surfaces of the electrodes, 
creating a voltage difference. Said voltage difference can produce a current when desired 
(US 5,705,696). 

20 

In particular electrolyte compositions of tetraethylanunonixun tetrafluoroborate in 
acetonitrile, methyltriethylammonium tetrafluoroborate in acetonitrile, 
methyltriethylammonium tetrafluoroborate in 1 ,2-propylene carbonate, 
tetraethylammonium tetrafluoroborate in 1,2-propylene carbonate as well as 
25 tetraethylammonium tetrafluoroborate in 7-butyrolactone which are produced according to 
the new process are suitable for said appUcation. The concentration of said quatemary 
ammonium tetrafluoroborate is preferably of from 0.5 to 2.0 mol/1. In particular, the 
concentration is of from 0.75 to 1.5 mol/I. 

30 The following electrolyte compositions are also producible according to the new process 
starting with following educt compositions (tetraalkylammonium halide / metal 
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tetrafluoroborate / solvent / reaction temperature / concentration of the 
tetraalkylanunonium tetrafluoroborate in the solvent [mol/1]): 

tetraethylammonium bromide / potassium tetrafluoroborate / acetonitrile / 20 / 1; 
5 methyltriethylanmiomum chloride / potassium tetrafluoroborate / acetonitrile / 20 ®C / 1 ; 
methyltriethylammonium bromide / potassium tetrafluoroborate / 1,2-propylene carbonate 
/20 

tetraethylanmionium bromide / potassium tetrafluoroborate / 1,2-propylene carbonate / 20 
°C/1; 

10 tetraethylammonium chloride / potassium tetrafluoroborate / 1,2-propylene carbonate / 20 
^C/1; 

methyltriethylammonium chloride / potassium tetrafluoroborate / 1,2-propylene carbonate / 
20^C/1; 

metbyltriethylammomum^bromide -/-potassiumr-tetrafluoroborate-A l^-propylene-caibonate 
15 /20^C/1; 

tetraethylammonium chloride / potassium tetrafluoroborate / 7-butyrolactone / 20 °C / 1; 
tetraethylammoniimi bromide / potassium tetrafluoroborate / 'y-butyrolactone / 20 / 1; 
methyltrieHiylammonium chloride / potassium tetrafluoroborate / T^butyrolactone / 
20 °C/1; 

20 methyltriethylammonium bromide / potassium tetrafluoroborate / 7-butyrolactone / 
20 ^C/1; 

tetraethylammonium chloride / sodimn tetrafluoroborate / acetonitrile / 20 °C / 1 ; 
tetraethylanmionium chloride / Uthium tetrafluoroborate / acetonitrile / 20 °C / 1; 
tetraethylammonium chloride / calcium tetrafluoroborate / acetonitrile / 20 °C / 1; 
25 tetraethylammonium chloride / magnesixun tetrafluoroborate / acetonitrile / 20 °C / 1; 
tetraethylammonium chloride / potassium tetrafluoroborate / acetonitrile / 82 °C / 1; 
mefhyltriethylanmionium chloride / potassium tetrafluoroborate / 1 ,2-propylene carbonate / 
240 /I; 

tetraethylammonium chloride / potassium tetrafluoroborate / 'y-butyrolactone / 
30 204 °C /I; 

tetraethylammonium chloride / potassimn tetrafluoroborate / acetonitrile / 20 °C / 0, 1 ; 
tetraethylammonium chloride / potassium tetrafluoroborate / acetonitrile / 20 **C / 2; 
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tetraethylammonium bromide / potassium tetrafluoroborate / 1,2-propylene carbonate / 
20°C/2; 

tetraethylarmnonium bromide / potassium tetrafluoroborate / 7-butyrolactone / 20 °G / 2; 
tetraethylammonium bromide / potassium tetrafluoroborate / acetonitrile / 20 / 0.9; 
5 tetraethylammonium bromide / potassium tetrafluoroborate / acetonitrile / 20 / 1 .4; 



The invention is now explained by an example. 



10 

Example 

Production of a 1-molar tetraethylammonium tetrafluproborate-containing 
electrolyte composition in acetonitrile- 

15 

17.26 g tetraethylanunoniimi chloride (96 %) and 12.98 g potassium tetrafluoroborate 
(97 %) were weighed out in a 200 ml flask and filled up with 100 ml acetonitrile. After 
stirring for 15 minutes at 20 °C the solution was filtered and the conductivity .was 
estimated with a commercially available apparatus of the company Siemens. Said 
20 conductivity was measured to give 54.7 mS/cm. 

A sample of said electroljrte composition was evaporated and the chloride concentration of 
the residue was estimated. Said chloride concentration was 0.71 % by weight. 



25 
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Claims 

1. Process for the manufacture of tetraalkylammonium tetrafluoroborate-containing 
electrolyte compositions, characterized in that said process comprises step (i): 

(i) mixing of at least one tetraalkylammonium halide with at least one 
metal tetrafluoroborate in at least one organic solvent, which is 
partially or completely miscible with water. 

2. The process as claimed in claim 1, characterized in that the at least one organic 
solvent is selected from tiie gf oup comprising^ nitriles, dinitriles, alkyl carbonates, 
alkylene carbonates, lactones. 

3. The process as claimed in claim 1 or 2, characterized in that the alkyl groups of the at 
least one tetraalkylammonium haUde contain independently from each other of from 
1 to 10 carbon atoms. 

4. The process as claimed in any of claims 1 to 3, characterized in that the at least one 
metal tetrafluoroborate is an alkali metal tetrafluoroborate. 

5. The process as claimed in any of claims 1 to 4, characterized in that the at least one 
tetraalkylammonium halide and the at least one metal tetrafluoroborate are mixed in 
a molar ratio of from 2 : 1 to 1 : 5. 

6. The process as claimed in claim 5, characterized in that the mixing process is carried 
out at a temperature of from - 50 °C to + 240 °C. 

7. The process as claimed in any of claims 1 to 6, characterized in that the at least one 
organic solvent is acetonitrile, 1,2-propylene carbonate or 7-butyrolactone and 1 to 4 
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of the alkyl groups of the at least one tetraalkylammonium tetrafluoroborate are ethyl 
groups. 

8. The process as claimed in any of claims 1 to 7, characterized in that said process 
comprises at least one of the reaction steps (ii) and (iii): 

(ii) separation of metal halide, 

(iii) drying. 

9. TetraaDcylammonium tetrafluoroborate-contaming electrolyte compositions, 
characterized in that said compositions are obtainable by a process as defined in any 
of the claims 1 to 8. 

Tetraalkylammonium- tetrafiuoroborate^containing- electralyte- Gompositions- as- 
claimed in claim 9, characterized in that said compositions contain an amoimt of 
metal halogenide of firom 10 ppm to 2 % by weight, wherein said amount relates: to a 
solvent-free electrolyte residue. 

11. Tetraalkylanmionium . tetrafluoroborate-containing electrolyte compositions as 
claimed in claim 10, characterized in that said compositions are noncorrosive in . 
electrochemical cells or capacitors. 

12. The use of tetraalkylammonium tetrafluoroborate-containing electrolyte 
compositions produced according to any of the claims 1 to 8 or use of 
tetraalkylammonium tetrafluoroborate-containing electrolyte compositions according 
to any of claims 9 to 1 1 in electrochemical cells or capacitors. 



